Abstract. Groundwater simulation technique was carried out for examining the performance of sub-soil drain at problematic site area. Subsoil drain was proposed as one of solution for groundwater seepage occurred at the slope face by reducing groundwater table at Taman Botani Park Kuala Lumpur. The simulation technique used Modular ThreeDimensional Finite Difference Groundwater Flow (MODFLOW) software. In transient conditions, the results of simulation showed that heads increases surpass 1 to 2 m from the elevation level of the slope area that caused groundwater seepage on slope face. This study attempt to decrease the heads increase surpass by using different sub-soil drain size in simulation technique. The sub-soil drain capable to decline the heads ranges of 1 to 2 m.
Introduction
Groundwater seepage occurs on slope face may induced slope failures in the future if any relevant action is not taken. This seepage is triggered by existence of high pore water pressure in soil profiles. High pore water pressure measurements always related to groundwater tables observed at site and required a huge number of piezometers installation [1] [2] . These works are involved intensive time and cost, and incomplete data coverage. The numerical groundwater flow model simulation technique will be able to overcome the limitation of the above method [3] [4] [5] .This study used groundwater simulation technique for examining groundwater seepage appears at problematic slope face in Botani Park Kuala Lumpur. In addition, sub-soil drain approach was used in attempt to solve groundwater seepage by carried out groundwater modelling technique.
Materials and Method
Panggung Anniversary of Botani Park in Kuala Lumpur was chosen as the study area to assess the ability of groundwater flow simulation technique in identifying the cause of seepage groundwater occurrence ( Fig. 1 and 2 ). The establishment of conceptual model in groundwater simulation technique is important to set-up groundwater flow systems in study area. The model normally presented in the form of a block diagram or a cross section [6] . A few assumptions were made on conceptual model especially on the aquitard (sandy silt) layers and hydraulic properties. The model only considers the north and south of Panggung Anniversary as boundary condition with applied constant head boundary (Fig. 3) . The observed water levels in the study were used to adjust the hydrogeology parameters applied in this model. Medium to coarse grained sand with dominant silt material formed the aquitard soil layer [7] . Aquitard thickness ranging from 13 to 25 m presumed as unconfined layer. The bedrock encountered at depths ranging from 13.0 to 25.0 m consists of interbedded shale and sandstone. Hydraulic conductivity ranging from 1.48 x 10 -7 to 3.50 x10 -8 cm/sec with an average of 9.25 x 10 -8 cm/sec was used in the study for this area. 
Numerical model setup
Visual MODFLOW was used in creating three-dimensional representation of the site. In able to accelerate and facilitate the development of the MODFLOW model, Visual MODFLOW (Version 2003.3.1.0.85) was used to compile the input files. The threedimensional model was constructed as a 141 m x 146 m area in the x and y directions (eastwest and north-south directions, respectively) (Fig. 4) . Total station theodolite was used to obtain the topography data from field survey (Fig. 1 ). The topography model (the first layer) was extracted from the elevation data for the wells (BH1-BH4). Surface elevations of the site was constructed by the digital elevation model. A total station theodolite was utilized to determine the relative elevations of water level monitoring points. The hydraulic heads in the model used mean sea level as the reference point (rectified skew orthomorphic). This permitted the assignment of the piezometer screens in the model at the terminated borehole depth.
Model parameters
The analysis data of permeability tests from BH2 and BH3 was used in estimating the hydraulic conductivities of the model layer. The dynamic viscosity value was used for estimating hydraulic condivities is about 8.01
-4 Pa·s at 30°C. As the data were not enough to determine heterogeneity layer in this area, a single layer model was presumed to have uniform hydraulic properties. The data from previous studies [8] [9] [10] [11] (Table 1 ) was utilized to estimate the model parameters data such as specific yields (Sy), specific storage (Ss), total porosity and effective porosity. Annual precipitation value of 5% and 20% of was used as an estimate of recharge for unavailable data [8] . The model calibration and validation processes has been carried out and recharge was found to be 10% of the average annual precipitation. 10% of total annual rainfall at open area was estimated as the recharge parameter of surface water into groundwater system [8] . Recharge parameter with zero value was used in closed area because there is no infiltration or recharge occur due to the concrete coverage of the Panggung Anniversary stage. Evapotranspiration values was estimated using 1.44 times by total annual transpiration at open area and zero value of evapotranspiration was imposed in closed area [8] . 
Boundary Conditions
Northern and southern edges of the modelled area which are bounded by groundwater head of BH1-BH2 (south) and BH3-BH4 (north) were assigned with constant head boundaries. The heads in the model was referred at mean sea level datum. This depth was on average 5 m below the ground surface. The highest heads with an average head level of 48 m was located at the south area meanwhile the lowest heads with an average 38 m was located at 
Transient groundwater flow simulation and calibration
A partial differential equation was used as the equation for groundwater flow through the porous media:
where K x , K y , and K z are the hydraulic conductivities in the three orthogonal directions (m/s or ft/day), h is the head that drives the flow or the saturated thickness of the aquifer (m or ft),W is the volumetric flux per unit volume and represents the source/sink term for water or withdrawal (m 3 Result and discussion
Calibration Groundwater Model
The computed difference between the simulated and the observed hydraulic heads was obtained from the assessment of the model fit. In this model the indication of a well calibrated model was shown by the estimated average of mean absolute error (MAE) of 0.5 m, the root mean square (RMS) of 1.2 m, and 12% of the normalized root mean square error (NRMS). As a result, the calibrated model was able to be use to simulate water levels and water level fluctuations satisfactorily to appraise the options of remediation methodology for groundwater seepage problem.
Sub-Soil Drain
In order to overcome a groundwater seepage problem at levels 2 and 4, remediation method using sub-soil drain was proposed. Two options on the sub-soil drain dimensional design were recommended taking into consideration of the availability of the materials in market. Fig. 5 and 6 ), respectively. Drawdown is the difference in the head between the initial head (without sub-drain) and the head with sub-drain (option 1) showed difference of 1-2 m. It was suggested that option 1 and 2 to be use in the remediation of the groundwater seepage. This solution can reduced the heads to the optimal values to inhibit settlement of the stage structure. 
Conclusion
This study has showed that the numerical simulation groundwater flow (Visual MODFLOW), has succeeded in determining the cause of groundwater seepage problem in the study area. The elevated groundwater heads compared to the elevation levels of the area was identified as the cause for the groundwater seepage occurrence at Panggung Anniversary. The groundwater seepage caused by the increase of heads level can be overcome by reducing the head levels between 1 -2 m. In order to reduce heads level, the installation of sub-drain with dimensional design of 0.10 to 0.15 m (diameter), 40 m (length) and using 0.60 m depth can be used. In order to prevent any structure settlement from occurring, the safest method to be use is the dimensional design remediation with subdrain soil.
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